Y. Ohno the amounts of Toc are shown in Table 1 . The composition of the other sample oils, which were provided by Nissin Oillio Co., Tokyo, are shown in Table 2 . The fatty acid compositions and Toc contents of TG (TGToc, TG-Toc/VC) and DG oils (DG-Toc) were adjusted at approximately the same levels as those of DG oil (DG-2).
Autoxidation
About one gram of the sample oil in a Petri dish (4.0 cm i.d.
1.5 cm depth) was kept in an incubator at 50 for the indicated periods. The degree of autoxidation was determined by measuring the increase in weight. A similar experiment was carried out in the dark at 40 for over four months.
3 Oxidation at 40 by Aeration under
Fluorescent Lamp A total of 200.0 g of the sample oil was put in a 500 ml glass flask and capped with a silicon cap (air supply, 200 300 ml/min). The flask was shaken reciprocally at the rate of 100 115 times/min under fluorescent lamp (daytime, 570 575 Lux; night-time, 460 520 Lux) at 40 . 
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4 Thermal Stability of Oil
Approximately 60 g of French fried potato (crinkle, 12 mm, McCain Foods Ltd., Canada) was fried in each sample oils (approx. 600 g) for 3 min at 180 using a fryer (NF-F150, Matsushita Electric Ind. Co., Osaka). The frying procedure was repeated 15 times at more than two-hour intervals and was carried out for three days.
The rates of oil absorption to and dehydration from the food were calculated by subtracting the amount of oil or materials after frying from that before frying. The color difference (DE value) in the sample oils was determined by a color meter (ZE-2000, Nippon Denshoku Ind. Co., Tokyo).
5 Chemical Properties of Oil
The acid value (AV) (8), the peroxide value (POV) (9) and the p-anisidin value (ANV) (10) in the sample oils were determined by standard methods for the analysis of fats and oils specified by the Japan Oil Chemists Society. The carbonyl value (COV) was determined according to the method of Chiba et al. (11) .
6 Statistical Analysis
Statistical analysis was carried out using Stat View software (Version 5.0, SAS Institute Inc., NC, USA). Pearson s correlation coefficients were used for examining the relationships among the parameters examined. Figure 1 shows the degree of autoxidation of TG-H,TG oils containing Toc (TG-1 and TG-2) and DG-1 at 50 . The weight increase of TG-H occurred rapidly after three weeks, whereas TG-1 and TG-2 showed a slow increase according to the amount of Toc. On the other hand, autoxidation of DG-1 occurred after two months. The lag phase of autoxidation was prolonged under dark conditions. Figure 2 shows the degree of autoxidation of the sample oils listed in Table 2 . TG-based oil (TG-N) without Toc and VC was used in the similar experiment for comparison. There was an apparent difference in autoxidation among the sample oils. TG-N was oxidized most rapidly, whereas oxidation of DG-2 was apparently delayed. TG-Toc and DG-Toc had almost at the same levels of autoxidation, whereas the level of autoxidation of TG-Toc/VC was between those of TG-N and DG-2 ( Fig. 2) . Table 3 shows the DE value of the sample oils listed in Table 1 . The DE values of TG oils were higher than that of DG-1 and increased when Toc was added. As shown in Table 4 Table 1 by Weighing Method at 50 . , TG-1; , TG-2; , TG-H; , DG-1. Table 2 by Weighing Method at 50 . , TG-Toc; , TG-Toc/VC; , TG-N; , DGToc; , DG-2 (DG-Toc/VC).
Results
1 Autoxidation of Sample Oils
2 Oxidation at 40 by Aeration under Fluorescent Lamp
Fig. 2 Autoxidation of Sample Oils Listed in
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the oils containing both Toc and VC than for those containing only Toc. Figure 3 shows COV, POV and AV of the sample oils listed in Table 1 . COV of DG-1 increased very slightly after aeration for 31 days. COV of TG oils increased with aeration time, and this increase tended to be less for TG oils without Toc (TG-H) than for those with Toc (TG-1 and TG-2). 
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influence the increase in COV. On the other hand, the POV of DG-1 did not change, whereas POV of TG oil increased with both aeration time and the amount of Toc as same as shown in COV. AV of fresh DG oil was higher than that of TG oil, although AV values of both TG and DG oils did not increase by aeration. Figure 4 shows COV, POV and AV of the sample oils listed in Table 2 . COV and POV of DG-2 did not change during the experimental period, whereas those values of TG-Toc /VC increased gradually after aeration for 19 days. DG-Toc showed increases in both COV and POV, and the values were higher than those of the other sample oils up to 22 days of aeration. COV and POV of TG-Toc increased rapidly after aeration for 13 days. The AV of all sample oils showed no increase during the experimental period.
Thermal Stability of Oil
The average percentages of oil absorption, dehydration rate, weight decrease and moisture content of all sample oils listed in Tables 1 and 2 were 5.8 1.3 , 36.5 1.6 , 30.7 1.4 and 53.6 2.5 , respectively, after 15 times frying. Figure 5 shows the DE values of the sample oils listed in Table 2 . The DE values of DG-2 showed the highest value among the sample oils, and the amount of Toc did not seem to influence the values of the sample oils after these were used 12 times for frying. TG-Toc/VC showed the lowest DE value. The DE values of TG-H, TG-1 and TG-2 increased with the number of uses and no difference was observed among the sample oils (data not shown). Figure 6 shows COV, ANV and AV of the sample oils listed in Table 1 Table 1 by Aeration under Fluorescent Lamp. Left, COV; Middle, POV; Right, AV. , TG-1; , TG-2; , TG-H; , DG-1. Y. Ohno number of uses. COV and ANV tended to be slightly higher in DG-1 than in the other sample oils. AV increased slowly with the number of uses, but the amount of Toc did not influence AV. COV and ANV of the sample oils listed in Table 2 are shown in Fig. 7 . COV and ANV increased rapidly with the number of uses as listed in Fig. 6 , but the values of DG-Toc tended to be lower than those of the other sample oils. AV did not differ between TG oil containing Toc only and that containing both Toc and VC, whereas AV of DG-Toc increased gradually with the number of uses. Table 5 shows the correlation coefficients of the parameters examined. There was no significant difference between the number of uses and oil absorption, dehydration rate, weight decrease or moisture content. However, dehydration rate, weight decrease and mois- Table 2 by Aeration under Fluorescent Lamp. , TG-Toc; , TG-Toc/VC; , DG-Toc; , DG-2 (DG-Toc/VC) . Table 1 by Number of Uses. Left, COV; Middle, POV; Right, AV. , TG-1; , TG-2; , TG-H; , DG-1. Table 2 by Number of Uses. Left, COV; Middle, POV; Right, AV. , TG-Toc; , TG-Toc/VC; , DG-Toc; , DG-2 (DG-Toc/VC) . 
Fig. 4 Changes in Carbonyl (COV), Peroxide (POV) and Acid Values (AV) of Sample Oils listed in
Fig. 6 Changes in Carbonyl (COV), p-Anisidine Value (ANV) and Acid Values (AV) of Sample Oils Listed in
Fig. 7 Changes in Carbonyl (COV), p-Anisidine Value (ANV) and Acid Values (AV) of Sample Oils Listed in
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Discussion
Autoxidation of DG and TG oils at 50 was almost the same as reported previously (7), and Toc and VC showed protective effects for oxidation. DG oil showed higher stability than TG oils in the presence of Toc and VC. As shown in Figs. 1 and 2 , TG-H was oxidized more rapidly than TG-N due to differences in fatty acid composition (Table 1) (7). However, in the sample oils used in this study, the proportion of polyunsaturated fatty acids (PUFA) in DG oil was higher than that in TG oil. Therefore, these findings cannot explain the stability of DG oil.
With respect to TG oils, the DE values increased with the amount of Toc added by aeration under fluorescent lamp at 40 . Toc seemed to be sensitive to oxidation by aeration. It is well known that the coloring of oil is caused by air (oxygen), temperature and light (12) . Toc was oxidized rapidly by aeration, forming brown pigment (tocored). This oxidation might have caused the increase in the DE values of TG oils containing Toc. The addition of VC to the sample oils containing Toc tended to be protective for oxidation of oils, and DG oil was found to be more stable than TG oil. Oxidized Toc was converted back to Toc by reacting with VC, which functioned as a reductant (13, 14) . The structure of DG was more stable than that of TG, and hydrogen bond formed by the hydroxyl group in DG might be related to its stability (15, 16) because the viscosity of DG oil was higher than that of TG oil (7) . PUFA were oxidized rapidly in air (17, 18) and AV did not change during incubation because no hydrolysis occurred. This finding may explain the difference in oxidation between the two oils. The DE values were related to both COV and POV.
The thermal stability differed between oils that were autoxidized at 50 and those that were autoxidized at 40 by aeration. The DE value of DG oil containing both Toc and VC was the highest among the sample oils, whereas the DE value of TG oil containing both Toc and VC was the lowest. The DE value of DG oil was higher than that of TG oil as reported previously (7, 15) . This difference may be due to the difference in thermal resistance between the two lipids, TG and DG, and to the fact that Toc and VC deteriorate rapidly at temperatures around 180 . The COV and ANV of DG and TG oils with or without Toc did not differ markedly. Judging from the COV and ANV, DG oil containing Toc only was thermally and oxidatively more stable than the other sample oils. AV of the sample oils, particularly DG-Toc, increased with the number of uses because of the moisture content in the fried food. DG, Table 2 ). The amounts of C18:2 and C18:3 in DG oil decreased less than those in TG oil by frying (7) . That the differences in fatty acid composition of oils may be related to oxidative stability, remains to be elucidated. The dehydration rate, weight decrease and moisture content tended to decrease with the number of uses, which might be related to the oily or greasy taste of the fried food. The same frying experiment with TG oil (Nissin Oillio Co.) using four kinds of pans was carried out, and significant correlation between the number of uses and dehydration rate was observed (r 0.375, p 0.05) (Ohno, Y., unpublished data). This finding indicates that dehydration did not well occur inside the fried food with an increase in number of uses, which might cause the oily taste of the fried food. The oily taste seemed to be related not only to the oil content but also to the moisture content of the fried food. Therefore, a balance of between oil and moisture content in the fried food is important for maintaining the good taste of fried food.
Conclusion
DG oil containing Toc and VC showed the highest oxidative stability among the sample oils subjected to aeration under fluorescent lamp. The DE value was related to both COV and POV. Toc seemed to stimulate the oxidation of TG oils in air, whereas the thermal stability differed between the oils that were autoxidized at 50 and those that were autoxidized at 40 by aeration. COV and ANV increased with the number of uses, although these values of DG oil containing Toc tended to be lower than those of the other sample oils. These results indicate that the distribution and composition of fatty acid, the difference in the structure of DG and TG, moisture, temperature and aeration under fluorescent lamp influence the oxidative stability of oils and that the stability of oils depends on these combined conditions. The dehydration rate, weight decrease and moisture content tended to decrease with the number of uses, which might be related to the oily or greasy taste of fried food.
